Summary The quality of life during the first 4 months after fracture was estimated in 2,808 fractured patients from 11 countries. Analysis showed that there were significant differences in the quality of life (QoL) loss between countries.
Introduction
Osteoporosis causes more than 8.9 million fractures annually worldwide-approximately 1,000 per hour [1] . Fracture rates are higher in the Western world than in other regions so that, despite the lower population, slightly more than one third of all osteoporotic fractures occur in Europe. The disease predominantly affects postmenopausal women, in whom the lifetime fracture risk is 40-50 % [2] [3] [4] [5] [6] . However, the specifics of the burden of fractures differ by fracture type, from substantial pain and suffering, disability and even death associated with hip fractures [3] to less serious and often transient effects following, for example, a distal forearm fracture. Because of the high associated risk of fractures in osteoporotic patients, osteoporosis is a major public health problem, posing a significant burden on both the individual and the society [7] .
Burden of disease analyses provide useful information concerning the costs that society has to carry for managing the disease of interest. From a health economic perspective, the burden of disease encompasses both the cost related to the disease and its morbidity consequences (i.e. quality of life and survival). Costs and quality of life (QoL) related to a disease is also a required information for the economic evaluation of medical interventions (e.g. cost-effectiveness analysis). When conducting such studies, it is preferable to use country-specific data but, in the case of osteoporosis, there are empirical data gaps with regard to the consequences of these fractures in terms of cost and reduction in quality of life in many countries. As a result, expert opinion or the transfer of data across countries has been used to substitute missing data, which leads to uncertainty and decreased validity of health economic analyses.
With the purpose of estimating the burden and to fill parts of the data gap related to fracture consequences in Sweden, a prospective observational study (the KOFOR study) collected data on the societal costs and QoL related to fractures up to 18 months after the fracture event [8, 9] . Whereas the KOFOR study provided a deeper insight on the burden associated with osteoporotic fractures in Sweden, the results cannot be directly transferred to other countries as there are differences in health care systems and price levels across countries, affecting the resource use, costs and outcomes. Therefore, it is important to investigate the costs and health effects of fractures in countries other than Sweden.
The International Costs and Utilities Related to Osteoporotic Fractures Study (ICUROS) was initiated in 2007 through the International Osteoporosis Foundation with the objective of estimating the costs and quality of life related to fractures in a number of countries across the world, based on a similar study design as used in the KOFOR study. A multinational study approach has the advantage of enabling direct comparisons of the health economic impact of an osteoporotic fracture among different countries. It also increases the awareness of consequences of osteoporosis on an international level, creating a more widespread knowledge base of the true burden of the disease worldwide. The ICUROS is ongoing and has enrolled about 5,869 patients with fracture (as of May 2012) in 11 countries (Australia, Austria, Estonia, France, Italy, Lithuania, Mexico, Russia, Spain, UK and the USA). The study is still recruiting patients and may be expanded to additional countries.
The objective of this paper is to outline the study design of ICUROS and present results regarding the QoL (measured using the EQ-5D) during the first 4 months after fracture based on the patients that have been thus far enrolled ICUROS.
Method and materials
Study design and data collection ICUROS used a prospective study design similar to the previous KOFOR study and is published elsewhere [9] . Only minor changes were made to the study protocol and case report forms (CRFs) used in the KOFOR study. All countries use the same core CRFs, with minor changes to allow for adaptation to local conditions. In brief, patients with fracture were enrolled at their first contact with a health care agency for their fracture and an interview should be undertaken within 2 weeks after fracture. In the USA, this post-fracture enrolment window was extended to 6 weeks. The data were collected in four phases over 18 months after fracture. Phase I refers to immediately after fracture (baseline) where patient characteristics, background information and perceived health-related QoL before (recollected) and after the fracture event were collected. Phases II to IV took place at 4, 12 and 18 months after the fracture event, at which time current health status and fracturerelated resource use since the last interview were documented. The information for phase I was primarily collected by interview while the patient still was at the health care institution receiving care for their fracture but, in some instances, undertaken by telephone interview. Reported resource use and QoL data for the following phases were collected mainly through telephone interviews with patients but also during routine physician visits, whereas data on hospitalizations were retrieved from hospital charts and/or administrative billing data.
ICUROS included patients sustaining a fracture of the hip, vertebra (confirmed by X-ray) or distal forearm from all countries participating in the study. A few centres chose to extend the study to include other fracture sites, such as humeral and ankle fractures. ICUROS was not based around a hypothesised effect size; thus, a formal statistical power calculation was not applicable. Based on the results in the KOFOR study, a total of 200 patients of each fracture type and country were judged to be an appropriate target sample size to produce stable cost and QoL estimates and to facilitate analysis of differences in costs and QoL for main patient characteristics such as age and gender in each country.
To be eligible for inclusion in the study, patients had to be diagnosed with a low-energy-induced fracture and be at least 50 years old. Patients with multiple fractures and fractures caused by comorbidities (such as cancer induced fractures) were excluded as well as patients who were deemed unable to complete the questionnaires because of dementia or other psychological problems. Institutionalised patients were also excluded because of their high resource consumption prior to the fracture, making it difficult to assess the resource use due to the fracture event. Additionally, patients that sustained a new fracture during the study period were withdrawn from the study.
The study was approved by the relevant research ethics committees in each participating country. All patients provided their informed consent to participate and the patients could withdraw from the study at any time on their own request.
Patient characteristics
General background information and patient characteristics were collected during phase 1, including age, sex, level of education, level of income, living arrangements before fracture, work status and previous fractures during the last 5 years.
Resource use
Fracture-related resource use was collected with the objective of estimating the costs from a societal perspective. Data were collected through patient records and by asking the patient. The resources were categorised into direct medical costs (hospitalisations, outpatient care and pharmaceutical intervention), direct non-medical costs (community care, investments such as home modifications and informal care) and indirect costs (i.e. loss of production related to sick leave and early retirement). Community care consisted of special living arrangements, home care and transportation. Patient-reported resource use in the month prior to interview (community care and informal care) and resources lost, i.e. indirect costs, were recorded. The 1-month recall period was used to minimise recall bias.
Quality of life measurement
Health-related quality of life is estimated using two instruments in ICUROS: the EQ-5D and a time trade-off question (TTO). However, in this study, only results from the EQ-5D questionnaire are reported.
The EQ-5D is a generic QoL instrument consisting of two components. The first component is the descriptive system which is a questionnaire covering five dimensions (mobility, self-care, usual activities, pain/discomfort and anxiety/depression). Each dimension is divided into three levels of severity: no problem, some problems and major problems, resulting in 243 possible health states (3 5 combinations) [10] . These health states can be translated into utilities on a unison scale using a population-based value set derived through a TTO valuation technique. In this study, we used the value set presented by Dolan [10] which is based on the preferences of a UK population.
The EQ-5D also includes visual analogue scale (VAS) measurement which is a vertical scale between 0 (worst imaginable health state) and 100 (best imaginable health state). It is a comparatively simple method where the patient can rate their current health status by drawing a line from a box stating "your own health state today" to the appropriate point on the VAS scale.
Estimating quality of life following an osteoporotic fracture QoL related to fracture presented in this article was based on the EQ-5D (descriptive system) questionnaire for patients who had a full 4 months of follow-up, by fracture site (hip, vertebra or distal forearm). For the estimation of the loss in quality of life associated with a fracture during the first 4 months, it was assumed that the patient would have remained at their pre-fracture level of quality of life had the fracture not occurred. In order to obtain an estimate of the QoL loss that accounts for the initial drop in QoL after fracture and the subsequent improvement during the ensuing 4 months, the accumulated QoL loss in the 4-month followup after fracture was calculated as the area under the curve using the trapezoid method [11] .
Analysis sample
The data set for the analyses was extracted from the ICUROS database on October 15, 2010 for all countries except the USA where the data extraction was conducted in February 2011. The cut-off for inclusion in the analysis was data from any country that had recruited 30 patients or more at any fracture site (hip, vertebrae or distal forearm) that had also completed phase II (4 months after fracture). Additionally, the Swedish patients in the KOFOR study were also included in the analysis [8, 9] .
Statistical analysis
To identify determinants of QoL reduction after hip, vertebral and wrist fractures, multivariate ordinary least square regression analyses was carried out using demographic characteristics and different disease characteristics as predictors. The variables included were: quality of life at baseline, country, age, gender, hospitalisation in connection to the fracture, fractures during the previous 5 years, time between the index fracture and first interview, and interaction terms between country and the other variables. A stepwise regression approach was used and the cut-off statistical significance for keeping variables in the regression was set at 10 %. All statistical analyses were performed using STATA 10.0 for Windows (Statsoft, Tulsa, OK).
Results

Patient characteristics
At the time of data extraction, 3,915 patients had been enrolled in the ICUROS. Of the 3,915 patients, 419 had been withdrawn from the study prior to first follow-up and a further 1,553 were yet to complete first follow-up, resulting in 1,943 patients eligible for analysis. Combining the 1,943 patients from ICUROS with the 865 patients eligible for analysis from the KOFOR study resulted in a total sample of 2,808 patients (1,273 hip, 987 distal forearm and 548 vertebral fracture) from 36 centres in ten countries (Table 1) . Estonia was the only country with too few patients followed up to 4 months to be included in the analysis. Patient characteristics by fracture site and country are shown in Table 2 . Overall, 83 % of the patients were women with a mean age of 72.2 years, distal forearm fracture patients were the youngest (mean age: 67.6 years) and hip fracture patients were the oldest (mean age, 75.9 years). The mean age was lower in Russia compared to other countries for all fracture types. Almost all patients were hospitalised in relation to the hip fracture except in Mexico and Russia where 80 and 88 % were hospitalised, respectively. There were some notable country differences in the hospitalisation rates for distal forearm and vertebral fracture. For example, in France, 81 % of all distal forearm fracture patients were admitted compared to 10 % in Sweden and 9 % in the USA; for vertebral fracture patients, 71 % were admitted in France compared to 10 % in Russia. There were also differences between fracture sites and countries in the proportion of patients that had sustained a previous fracture within the last 5 years. In all, 24 % of the patients had a previous fracture, though, in Russia the proportion of patients with a previous fracture was 44 %.
Quality of life
The estimated EQ-5D QoL before, just after and at 4 months after fracture per country and fracture type is shown in Table 3 .
Overall, QoL prior to vertebral fracture (0.88) was higher than prior to hip (0.77) or distal forearm fracture (0.77). For all fracture types and countries, the QoL was reduced significantly after fracture compared to pre-fracture QoL. The mean decrease was largest for patients with hip fracture followed by vertebral and distal forearm fracture. The QoL after fracture was higher in the USA compared to the other countries. At 4 months, the average quality of life had significantly increased, although it was still below the pre-fracture level. The mean accumulated loss in QoL over 4 months (Table 3) related to hip fracture varied between countries. In Austria and Spain, the QoL loss was estimated at 0.11 whereas the loss was almost twice as high in Lithuania (0.21) and Italy (0.20). There were also marked differences in the loss of QoL for vertebral fracture with USA (0.05), Austria (0.08) and Russia (0.09) at the lower end and Italy at the higher end (0.19). For distal forearm fractures, the QoL loss ranged from 0.07 in Australia, Sweden and the USA to 0.11 in Italy.
Regression analysis
The observed differences in the country mean values of the QoL loss could be related partly to differences in patient characteristics. In the multivariate regression analysis shown in Table 4 , the impact of different factors on the loss of QoL is shown. Models including interaction terms between the countries and the variables of interest were also constructed. However, the Akaike information criterion indicated that the models with the interaction terms were inferior to the models without the interaction terms (results not shown). Therefore, the models without the interaction terms are presented. The results show that there were significant differences in the QoL loss between countries. The QoL loss after hip fracture was significantly lower in Austria (which was set as reference case in the regression) compared to all countries except Sweden and Spain. With the exception of the USA, Austria was also found to have lower QoL loss related to vertebral fractures compared to the other countries included in the analysis. The differences were smaller for distal forearm fractures but the QoL loss was significantly (p<0.05) lower in Australia and Sweden, although higher in France compared to Austria. The QoL loss increased with higher age (p<0.05) for hip but not for vertebral or distal forearm fractures. Men with distal forearm fracture had a significantly lower QoL loss than women. There was no significant difference between sexes for hip and vertebral fracture. Further, a higher level of quality of life prior to the fracture significantly increased the quality of life loss. As might be expected, patients who were hospitalised for their fracture also had a higher loss compared to those who were not. NA not available A comparison between countries regarding the estimated QoL loss during the first 4 months following the fracture is presented in Fig. 1 , derived from a regression including all countries as explanatory variables. For this illustration, it was assumed that the patient was a 70-year-old woman with a previous fracture. The pre-fracture quality of life weight was set to 0.8, and it was assumed that all hip fractures led to hospitalisation whereas distal forearm fractures did not. Variations in QoL loss between countries ranged from 0.12 to 0.21 for hip fractures, 0.05 to 0.18 for vertebral fractures (with higher values for hospitalised patients) and 0.05 to 0.08 for distal forearm fracture patients.
Discussion
In this article, the general study design of ICUROS is presented. The study is, so far, the largest prospective observational study with the objective of estimating the consequences of osteoporotic fractures in terms of costs and quality of life in an international perspective. By applying the same methodology in all countries participating, comparisons can be performed between countries and the results will eventually enable estimates of the total burden of osteoporosis.
The results from the interim analysis presented in here support previous research that fractures are associated with a substantial decrement in quality of life which varies between fracture types [12] [13] [14] [15] [16] [17] [18] [19] [20] . For hip fracture, mean QoL just after fracture fell below 0.05 in Italy, Mexico, Lithuania, Russia and Spain, an estimate close to death on the 0 (death) to 1 (full health) QoL scale used in this study. Whilst comparisons to other studies are difficult reflecting discrepancies in methodology, valuation technique and respondents, a few studies eliciting QoL using the EQ-5D shortly after and/or approximately after 4 months have reported on the size of the QoL decrement. In a systematic review (incorporating the KOFOR study), hip fractures were associated with a QoL decrement of approximately 0.50 shortly after fracture and 0.20 4 months after fracture [16] . Similarly, vertebral fractures were associated with a QoL decrement of approximately 0.37 shortly after fractures and 0.03 after 4 to 6 weeks after fracture [16] . In a more recent study conducted in Japan, hip, vertebral and wrist fractures were associated with QoL decrements of 0.42, 0.35 and 0.22 at 2 weeks after fracture [21] . Additionally, the results suggest that there are differences in the magnitude of the quality of life reduction after fracture between countries. This could be related to factors such as differences in management and treatment of fracture patients, different perceptions and valuations of quality of life and differences in the ascertainment processes used to include patients in the study.
In the USA, QoL weights after fracture were higher compared to other countries. A potential reason for this could be that the QoL data in the US after fracture wereon average-collected later than in other countries. However, in the models of mean accumulated loss in QoL, time-to-interview was not significant (see above). Another potential reason is ascertainment bias, i.e. the recruitment of milder cases.
There are differences between countries concerning the way fracture patients are managed and treated. This could be either due to economic reasons or different standards of practice which, in turn, is likely to have an impact on patient outcomes such as quality of life. For example, in Mexico and Russia, only 80 and 88 %, respectively of patients were hospitalised for hip fracture whereas in the other countries all patients were hospitalised. The observed differences between countries in terms of, e.g. hospitalisation rates and QoL for vertebral and distal forearm fractures could also be explained by differences in the ascertainment processes used to identify and enrol patients rather than actual differences in the patterns of care.
The quality of life before fracture in this study was estimated using the EQ-5D social value set from a UK population and applied to all countries. The reason for this is that the UK value set is the most commonly used and country-specific value sets are available for only a few countries [22, 23] . However, comparisons between value sets have shown differences between countries in how they value the EQ-5D health states in terms of quality of life [24] . Thus, the present study could either under-or overestimate the utility loss associated with fracture in the various countries. When and if EQ-5D value sets for the countries included in ICUROS become available, it will be important to reassess the quality of life related to fractures. Another cause for country variations could be that the sample size used in this interim analysis (30 or more patients per fracture and country) is not yet sufficient to be fully representative for the fracture population.
Other studies have indicated that there is an additional decrement in quality of life in patients with a past history of previous fracture [13, 19, 25, 26] . The effect is more marked for vertebral fractures in patients with a previous fracture [27, 28] . These observations could not be fully supported by the findings in this study where a prior fracture had a significant impact (at a 5 % level) on the QoL loss for only hip fractures when controlling for other variables. Previous studies of vertebral fractures have shown that those hospitalised at the time of fracture have a worse quality of life 1 year after the fracture than those patients that are not admitted related to fracture [27] . This is to be expected since hospitalisation is a marker of a fracture with more severe clinical consequences. This finding is supported by the results from our regression analysis, where patients with a fracture who were hospitalised at the time of fracture had a significantly higher quality of life loss.
A potential limitation of the chosen study design for ICUROS is that patients were asked for their pre-fracture quality of life after the fracture event, which may incur a recall bias if the patient perceives the pre-fracture quality of life better than it actually was. This may overestimate, therefore, the QoL loss after a fracture. In the KOFOR study, a sensitivity analysis was performed when using normal population-based quality of life as proxy for pre-fracture quality of life. The results from this analysis were inconclusive and no strong evidence for overestimation was found.
A further limitation lies in the calculation of the QoL loss during the 4 months after fracture. We assumed a linear improvement in the QoL level from the time of first assessment up to the 4-month measurement. This might overestimate the loss slightly, since patients are likely to improve their health status at a faster rate during the first month after the fracture than in the following months. For example, for distal forearm fractures, if one assumes that the US patients sustain the same reduction in QoL immediately after fracture as observed in the other countries and that the only difference between QoL is due to the timing of the interview (on average about 4 weeks after fracture), this would imply that about 70 % of the improvement over the 4 months occurred during the first month after fracture. Also, to be noted is that the QoL loss is estimated for patients that had survived up to 4 months. For these patients, the QoL loss coincides with the quality-adjusted life years (QALY) lost during this period. The average QALY lost for a fractured patient would be higher if deaths were to be considered during these 4 months. In the Swedish KOFOR study, there was no significant difference in QoL loss in the first 4 months between patients who died during months 5-18 of the study and those who survived for 18 months [8] . When data with longer follow-up are available from ICUROS, it will be important to analyse more thoroughly differences in QoL between patients that die after fracture and those that do not.
The fracture patient sample included in the present study comprised patients living at home before fracture. This can be considered a subsample since some fracture patients are in sheltered accommodation at the time of fracture. On average, about 10-30 % (varying by age and country) of all hip fracture patients come from sheltered accommodation at the time of fracture. One reason for not including patients from sheltered accommodation is that studies have shown that these patients, except for the initial acute costs (e.g. hospitalisation, surgery), do not incur any major additional costs when comparing resource use the year after with the year before fracture [29, 30] .
In addition, the most cognitively impaired and/or demented were excluded from the study sample, which will give a somewhat skewed sample of the real population of fracture patients (especially hip fracture). Estimates of the prevalence of cognitive impairment/dementia in hip fracture patients vary widely in the literature (10-60 %) [31] [32] [33] [34] . These patients have difficulty in completing the self-reported parts of the case report form, and the cognitively impaired are more frequently institutionalised. In a study by Formiga et al. [35] , it was shown that the prevalence of dementia in institutionalised patients pre-fracture was more than three times higher than in patients admitted from home. Also, those cognitively impaired are also likely to have a higher level of resource consumption prior to the fracture, indicating a lower fracture-related cost.
The patient characteristics of the sample included in the study may not reflect the real situation in all countries. The sample depends on the institutions and centres in which the study was conducted. For example in France, all centres were university hospitals and these patients are on average likely to be frailer compared with patients in private institutions. A higher proportion of frail patients in some countries may lead to higher hospitalisation rates. Furthermore, the low number of centres in certain countries in the sample at hand-only one in each of Italy, Spain and Lithuania-may hamper the generalisation of the results on a country basis.
The findings in this study indicate that there appear to be important variations in the QoL decrements related to fracture between countries. Should these results be confirmed in subsequent analyses with more patients and with longer follow-up, it will be important to account for these differences in health economic evaluations of treatments for osteoporosis since they may have a significant impact on the cost-effectiveness.
